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The purpose of this article is to describe a procedure for deter-
mining an optimal individualized instructional program. The model
(see Figure 1) incorporates certain critical features lacking in
many contemporary schemes: it proceeds in a systematic manner; it
addresses the interaction of cognitive processes and instructional
task demands; it provides for continuous evaluation and modification;
and it deals with measurable behaviors. -

The model is divided into three camponents (adapted from Tuck-

the following three activities: (1) the dEt%ETUﬂat;Qn of post-—
jnstructional behaviors, (2) the translation of these behaviors

into behavioral objectives, and (3) a specification of a sequence
for the presentation of the objectives. Following analysis is
synthesis, which involves: (1) an analysis of learner camnpetencies
and processes, (2) an analysis of task demands, and (3) an anaiﬁs.ig
of the instructional setting. The cutcames of each of these analysis

are integrated into an actual instructional program. The instruc-

tional program, al@ré with evaluation and modification, camprises

the final camponent of the model, operation.
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The remainder of this article details each of these activities.

ments that permit a student to ;ac;:;uiire new behaviors or medify

existing behaviors. Within this context, learning is defined

as the exhibition of new behaviors, resulting from instructional
inflnences, which are demonstrated at a satisfactory level of com-
petence and regularity under appropriate CJICIfFEtaIlGES When
learning is viewed in this manner it beccmes apparent that the
initial step in the implementation of any instructional program
mist be a determination of the behaviors a student will display

if instruction has been successful.

The belief that an instructional program should be initiated by

from the

specifying terminal behaviors represents a departure
typical techniques used in instructional development. The

model begins by asking ‘What behaviors will indicate that learning
has taken place?' as opposed to 'What should we begin teaching?'
This approach is based upon the premise that only when terminal

behaviors are specified at the onset of instruction can instruc-
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‘tional sequences be designed spa:ifi;ally to aid in the attain-
ment. of those behaviors.
Tenninal b:haviors can be approached on tvo levels. The
first, most abstract, level includes the long-term glcbal goals
of education. Attainment of these behaviors is often the pro-
duct of many years of schooling. Fxamples of behaviors at this
1. the student displays the furdamental skills of reaﬁmg
2. the student displays a knowledge of civics
3. the student displays an understanding of astronamical concepts.
Global behaviors are too broad to be successfuily translated
into short-term instructional programs. AsS a result, these behaviors
mist be Iaﬁt‘ltt&fl as a series of specific behaviors which indicate
the termminal performance capabilities of students campleting a
_isj:zgle ;.nsw‘;zuét;anal unit. For example, the first glcbsl behavior
above could be divided into specific behaviors such as:
1. Can name and recognize letters of the alphabet.
2. Can write a simple létter or paragraph.
3. Can understand anr:l answer inferential c;uest;c:ns
1 behaviors should

It is on this level that descriptions of termi
be written. The increase in specificity over global behaviors
‘allows a more finite determination of appropriate instructional

" activities.
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Once the terminal behaviors have been determined, it is
then necessary to ascertain the cognitive level at which
those behaviors occur. This is necessary if the instructional ’
sequence is to contain all the appropriate prerequisite skills.

The most applicable description of the levels of cognitive

functioning is found in the Taxonomy of Bducational Objectives
(Bloam, 1956) . |

The Taxonany divides the cognitive domain into six levels,
ranging . fxom kncwledge (the lowest level) to evaluation (the
highest jevel). The characteristics of each level are as
follows:

Knowledge refers to the recall of specific or universal
facts, the recall of methods or processes, Or therré:a;ll of
patterns, structures, or settings. Behaviors on this level
_mlve 1ittle more than ‘bringing to mind' presented informa-

Cx:@prel;gﬁsgérg represents the lowest form of understar

Behaviors on this level require the student to rephrase know-
ledge accurately or to explain or summarize in his own words.

\pplication involves the use of abstractions in particular

or concrete situations. Student behaviors on this level indicate

thatgast learning can be applied successfully to solve novel
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Analysis refers to the ability to break apart a concept or
ccamunication into its constituent elements and the ability to
\izﬂicaté the interrelationships of the elements. A béiavigr
on this level involves being able to inci.ic:atei (a) the organiza-
tion of a stimulus, (b) the way in which the cammunication
cawveyed its effects, and (c) the interrelationship of the
cammnication's parts.

ynthesis is the ability to arrange pieces of elements in

such a wéy as to create a novel pattern or structure. Behaviors
on this level indicate that a student can assemble discreet
elements to form a unified structure.

Evaluation involves making qualitative or quantative judge-

ments aa:@ré:iﬁg to a predetemmined set of criteria. The student
displays evaluation behaviors when he is able to detemine the
adequacy of a stimulus along selected dimensions.

In sum, the first step of the model requires the determination
of post-instructional behaviors along with the cognitive level at
which those behaviors will occur. The more clearly defined the
temminal behaviors are the more effectively the instructional

ls can be chosen and sequenﬂad

2. Translation of Terminal Behaviors into Behavioral Objectives

- A behavioral objective is a statement which specifies a
testable @ﬁditi@ni An cbjective, if it is to be useful, must

describe a behavior in a manner such that all who read the des-
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.cription can agree whether or not a student's actions satisfy

'a predefined criteria. The type of statement required, there-
fore, must contain the following components: it must contain

a statement of performance (usually employing an action verb);

it must contain a statement of the conditions under which the
performance is to occur; and it must contain a statement against
which the performance is to be evaluated. (Mager, 1962) Examples
"of acceptably and nonacceptably written objectives are shown in

Table 1.

Insgl: Table 1 Here

Behavioral objectives are viewed not as a collection of end
points in an instructional program bat rather as steps in the

rning process. When used in this content, cbiactives

Aotal lez

aJ,Elmr an instructor to start with 'what should the curriculum

be' as opposed to 'what is the current curricular structure’.
The model requires that the behaviors specified as the

cutcares of a successful instructional program be analyzed

as to their component skills, with each skill then being re-

written as a behavioral objective. The translation of terminal

behaviors into behavioral cbjectives allows ‘one to readily

' determine the ‘behaviors relevant to the instructional task.
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Additionally, this procedure greatly clarifies the type of
learning to be undertaken and the required conditions of
1ea:m;ig and subsequent evaluation. An illustration of
the translation process is provided in Table 2.

3. Sequencing of Behavioral Objectives

Structural analysis (Tuckman, 1968). is a technique for
specifying the sequential relationships among a set c:sf behavioral
cbjectives. This approach makes p@ssible the specification of a
sequence of instructional objectives, that when arranged in a
prespecified logical order, maximizes movement from entry into
. the sequence to the attaimment of the final terminal behavior.

Structural analysis is based upon two major pramises.
ngt, learning is viewed as a sequential process where the
attaimment of camplex bshaviors is dependent upon the aéqn;isitiéﬁ
of the p:afegulslté lower order skills. Second, the establishment
éﬁ an appropriate sequence is regarded as one of the essential
- conditions governing leaming. (cf. Bloam, 1971; .Gagne, 1970)

The importance of determining the sequence of instructional
elements lies in the fact that it enables one to avoid anitting

essential steps in the acquisition of knowledge. Since each
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subordinate skill has been identified as such because it is
hypothesized to contrilbute to the learning of a related
higher-order skill it follows that higher-order behaviors
will be more readily aéqui::ai if the subcrﬂmate skills hav!'a
been learned and are available for recall. The sequence,
therefore, identifies the ordered rélatiaﬁshiP of a sét cf
skills where substantial amcunts of positive transfer is |
expected fram lower-order skills to comnected ones c:f a
higher position. |

This phase of th2 model requires a determination of the

interrelationships of the members in the set of previcusly

defined cbjectives. A logical sequence for the objectives

can be aﬁangai if, for each cbjective, the following ques-

tions are answered:

1. Which cbjectives in the set must be mastered before this
gkill can be taught? - |

2. To which objectives in the set is this skill a preregui-
site.

3. Which objectives in the set are not hierarchically

related to this skill.



Page 9

The procedure for detemining the interrelationships of
objectives is illustrated in Figure 2. 2An instructional
hierarchy is shown in Figure 3.

Insert Figure 3 Here

1. BAnalysis of Iecarner ?;E@E%t%ﬁéigs and Processes

The majority of students in any classroan have the
potential té acquire the terminal behaviors considered
to be the desirable products of instruction. It is there-
Fore the responsibility of the instructional planner to
determine a procedure by vhich any student will be ab : to
acquire these behaviors.

The instructional sequence leading to the desired
tem::;al behaviors can be operationalized in two ways.
The first method agﬁr@a:hes the class as a whole as the
recipient of instruction, with all students proceeding

at the same pace, on the same materials, at ‘the same
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objective level. Carroll(1963), in regard to this method,
has pointed ocut that if the students are normally distri-
buted with respect to aptitude for the subject and all are
provided with exactly the same instruction, the end result
will be a normal distribution on an appropriate measure of
achievement. Furthermmore, the relation between aptitude
and achievement will be fairly high (approaching a corre-
lation of approcimately .70).

While the idea of a normal distribution of performance
within any particular classroan has camz to be accepted in
educational practice, it is necessary to realize that there
is nothing sacred about tih;s distribution. As Blcam (1971)
has stated, "Education is a purposeful activity, and we seek
to have the student's learn what we have to teach. If we
.are effective in our instruction, the distribution of achieve-
ment should be very different from the.nommal curve. In fact, _
we may even insist that cur educational efforts have been
unsuccessful to the extent that the distribution of achievement
approximates the normal distribution.” (p.44) 1

The primary cause of failure for many students results from
the fact that they are placed at a level in the instructional
sequence for which they have not mastered the prerequisite

gkills. If the instructional approach is based upon the strategy
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of tak;mg into consideration individual differences in 1earners,
qu;te different learning cutcomes occur. .When the tgpe and
quality of instruction ahd the arount of time available for
laéﬂiing' is made apprcpﬁiate to the characteristics and needs

. of each student, a majority of students may be expected to
a\:méve mastery of the subject. Further, the relationship
between aptitude and aé%ievsnant approaches zero. (Carroll,

1963)

Effective instructional programs are pré«ﬂ:.ctedu;:@n
providing jliEtﬁAGﬁQf‘; specific to the needs of each student.
Th;s phase of the model, therefore, re:;u;res that a determi-
nation be made of each student's ccmpetencies, in arriar that
| éachvmay‘ be ﬁlacaﬂ at the appropriate level in the instructional
sa;uauce Tests must be administered wiich provide information
m_"the skills already possessed by a s*lzuaant before he begins
an instructional sequence. -
| The type of tests required in this system are critafién%

zefezen:aﬂ testsi "A cr;.tarmnsrefér@ceﬂ test is one that

is deh.‘berately ccnstruc:tea to yield meas ent

standards." (Glaser and Nitko, 1971, p.653) In order to

satisfy this definition, criterion-referenced tests nust
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have the following characteristics (Nitko, 1974):
1. The classes of bézavm::s that define different achievement
| levels are specified as clearly as possible before the
test is constructed.

2. Each behavior class is defined by a set of test tasks in
which the behaviors can be displayed in terms of all their
important nuances.

3. Given the classes of behavior have been specified and that
the test situations have been defined, a representative

sampling plan is designed and used to select the test tasks

that w:Lll a@Pear on any f@;fn of the test.
| 4 The obtained Sti:f:il.;e must be capable of expressing cbjectively
and meaningfully the individuals performance characteristics
in these classes of behavior.
Criterion-referenced tests are therefore constructed ;l:r; supply
information abcut a student's performance relative to a specified
damain of tasks
The ;najc:: problem involved in constructing items for criterion-
:e*EEfen:éd tests is the design of test tasks th.at araclea:ly -
menbers of the relevant damain. " In their ideal fom, the tasks to
be performed are representative samples of tasks that are the obje
tives of instruction at a particular stage in the instructional

sequence. The reader is directed to: Glaser and Nitko, 1971;

14
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and Davis and Diamond, 1974 for detailed guidelines relating to the
canstruction of test items. o
Once the test ;ts’ns have been generated, it is necessary to
develop a ﬁest procedure that w;ll, as quickly as possible, locate
"a pupil's perft:ﬁ;naﬁc:fe 1evei at the appropriate position in the
instructional sequence. A procedure designed to accamplish this
task has been presented by Ferguson (1970).
The procedure attempts to place a student at an cbjective
" Jevel in a manner such that if he were tested on all those objec—
tives at that location he would dam:nstrate mastery, and if he
were tested on all those cobjectives above ‘that location he would
' ﬂamnstrate lack of mastery. Here, mastery is daflnaias a studt
making "a sufficient mumber of correct responses on the sample ¢ .
‘test items presenﬁad to support the generalization . . . that he
has. attained the desired, prespecified degree of proficiency w1th

n." (Glaser and Nitko, 1971, p.64l) Ferguson

-respect to the
found that the most effective procedure was to begin testing cbjec-
tive_s in the middle of the hierarchy, and then, depending upon the.
student's responses, test either a h;ghar ’cr lower abga:twe 'fhe |
détaﬁnmauan as to which objective to test next is governed by

the criteria presented in Table 3. (adapted from Nitko, 1974).
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The placement of a student at the proper cbjective in an
instructional sequence is necessary is instruction is'to be
appropriate to the student's competencies. However, if mstmctmn
;s to be maximally useful and relevant it is also necessary
to detemine the u:ﬁerlymg prccesses responsible for incorrect
respanses on the criterion-referenced tests. Analyses must be
performed to ascertain the causes of errors.

| A’n error analysis entails a review of all incorrect items on a test
in order to discover patterns of errors. The procedure involves
making a determination of the pmcesses’ used by the student to
' move fram the stimilus (the test question) to the response (the answer
to the test question). Exror analysis allows instruction to be
individualized tx:r the neaﬂs of different students operating at the same
cbjective level. An example of an error analysis in mathematics is shown

in Table 4. - :

16
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j:nsa*t Table 4 Here

2. BAnalysis of Materials

Instructional materials are most effective in guiding learning
1f (1) they are of hiéh quality, and (2) the eharaﬁeﬁstics of the
materials are related to the needs of the learner. As ;a result, it
is necessary for the instructional planner to make an analysis of the
strengths and weaknesses of all materials employed. This section
describes a framework for performing this analysis.

Tyler and Klein (1974) have presented a series of criteria by
which to ascertain the level of quality of any instructional material.
The most important are: '

Ql;jgc;ivés should be specified Qpe;atit;nally_ This criteria is

based upon the p:;férisa that it is the behaviors of students that

' shmlﬂ be the concern of ‘education. It is believed that only a
clear conception of desired behaviors ‘allows for the construction
of a relevant and appropriate curriculum.

The value of Objectives must be substantiated. The product

developer must present documentation in regard to the value of

g
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. the cbjectives chosen. This entails defining the basis of cbjective

selection, the relationship of the cbjectives to the subject aréa, and
the procedure by which the objectives were derived.

Cbjectives should be consistent with each other. Underlying this

recammendation is the belief that consistency is necessary if learners
are to consolidate gains in behavior over a pericd of time. Objectives
that are contradictory will result in conflicting behaviars and poor

Learning activities should be directly related to the behavior and

content of the specified cbjectives. The materials must be examined in

regard to the appropriateness of activities. This criteria is based
upon the belief that the means of learning should be directly rel: = °
to the desired terminal behavior.

learning activities must be arranged so that the behavior of tne

student is developed. This recamendation is based upon the assumption

that the most significant changes in behavior do not occur as a

consequence of a few encounters. Rather, there is a need for
frequent exposures to appropriate learning activities.

Technical manuals should cite sgu:qcés of availa‘iigailen evidence to -

document any claims made about effectiveness and eff iciency. Product

developers must provide information relating not only to the product's

studies, but evidence fram other carefully documented studies.
Evaluative studies should be described in a clear, straightforward

18
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The technical marmal mist describe in detail the types of

behaviors which the teacher 15 to utilize. Materials may require

behaviors of teachers quite different from those they presently
possess. New behaviors must be described so that the materials can
be Ef%e:tively_uﬁlisei |

Once a set of materials have been selected it is then necessary
to perfom an analysis to determine the point in the instructional
sequence Eat which they are most relevant, appliceble, and appropriate.

The instructional material used must be that which provides activities

al behavior.

imally related to the objective and desired termin

3. Analysis of Instructional ;icag
| Quality of instruction has typically been defined in terms c:
good and poor teaching, teacher characteristics, instructional materials
aﬁ carriculum = all as related to group processes. Instructional
Qlannas persist in asking questions of the form:
1. What is the best teacher for the group?
2. Whét is the best method of instruction for the g:c:up?
ﬂearly. this appma::h :..5 in opposition to the approach adapted by
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The model is founded upon the assumption that individual

- students may need very different types and cqualities of instruction

al behaviors. That is,.

in order to attain a set of desired termi
the same content and gbja;tives can be learned by different students
as the results of very d.ifferait types of instruction. There ;s
evidence, for example, that scme students learn quite well through
gﬂegendéﬂt study while others need highly structured instructional
situations (Congreve, 1965). Futl:har, it appears reasonable to expect
that some students will need more concrete illustrations and

explanations than will others, same will need more examples to get

than others, and same may need to have several repetitions- of an
é;@lanaﬁ@n while others may be able to grasp it on the first
presentation (Bloam, 1971). c

This phase of the model requires the instructional planner to

nine the :i;istru-:ﬁiaﬁal needs of each student. This is in
accordence with Carroll (1963) who defines the quality of instruction

in terms of the degree to which the presentation, explanation, and

crdering of elements of the task to be learned apprcach the opti
a given leamer. The diagnosis ' of a student's instructional needs

is a camplex p:@cess.—.- a discussion of which is beyond the scope of this
article. The reader is directed to Bloam, '1971; Glaser and Nitko, 1971;
Harris and Sipay, 1975; and Ashlock, 1976 for deta.l.lai discussions in

20
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m-’ g Eg ﬁ@n

‘1.  Instruction

_ The implementation of an effective instructional program entails

relating the decisions reached in the synthesis phase of the model. The

 information on learner campetencies and processes, materials, and

instructional aétians must be correlated in order to provide an

tional condition appropriate to each specific 1earner then

. correlated correctly, each student will receive an instructional

progrem designed to meet h;s specific characteristics.

2. Fﬂmtarlng and Evaluat_;gn

The model requires that as a student proceeds within his :nstnlcﬂanal
program his performance be monitored and assessed at established

decision points. Achievement measures similar to those used for initial

= placanaituirust be cbtained. This information collected indicates

whetha a learning criterian has been achieved, and if not, further tells
in what respect the criterian performance has not been attained. If
appropriately done, teaching, ;rxst:u«:tmn, and testing should all fade
into one another. )

ing information is used by the sEuﬂent and tea:har to make

iine one of three courses of ac:t:.cm, dependinc

performance. First, it can indicate that the ijegﬂve has been

masterai and that the student is ready tf: proceed to the next level.

and additional time and instructional reinforcement is needed. Finally,

21
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-4+ may indicate that-no learning has taken place, and a reanalysis

of student placement, materials, and instructional mode is needed.

This decision-making procedure is illustrated in Figured .

Insert Figure 4 Here

The instructional model presented is an attempt to set forth a
set of general requirements governing the creation of an effective
instructional program. However, the success of any model is limited
by certain constraints. These include: the extent to wh:.c:h proposed
learning hierarchies are psychologically r’eai; thé é:-rlze,nt to whlcn
individu:sl differences in ability and learning characteristics arc
accurately diagnosed; and the e;s:tait to which alternative instructional
techniques and educational experiences are developed which are
aaaptiwj;e to the individual characteristics of each learner. The success
of any program is directly related to the extent to which these criteria

_ are satisfied.
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ANRLYSIS BEHAVIORS
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' Enact Instructional Program

EVALUATION O

Carry out Monitoring Activities
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Nae Sa:fuance
R .

N2

E‘igure 1. A Model for an Optimal Individualized Instructicnal Program
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1_! Giveni a set of sentences containing un:apltahzai nouns, the student will
correctly identify all nouns that should be capitalized.
_to correctly solve for the unknown without the aid of tables or calculators.

3. when given the opportunity to display a piece of classwork, the student will
give evidence of positive self-concept be voluntarily posting his work.

4. The learner will show his ability to write a parag:agh of 100 words or less

on any topic selected frcm the lists on page 37 or 65 of the text. The rparagraph
mist meet the five standards discussed in class. The writing must be done during one

class pericd.

separating a given set of illustrative sentences into these two categories with
90% accuracy.

1. The student will construct an instrument employing systematic programming for
recording cbservations of teaching activities. (No standards are provided.)

2. To ap-reciate various cultures of the world and to understand his responsibilities

“and opportunity as a citizen of the worl living in a democracy. (The learner is” =~ '

not designated; no standards are provided; the verb is ambigquous.)
3. 'Ihe student will acquire basic skills and attitudes which enable him to develop an

S 'f;’l:j.an of cultural values. (Verb is ambiguous; no standards are provided.)

4. To know five principles for judging paintings. (The learnmer is not designated; no
. standards are provided; Verb is ambiguous.) |

5. The student will reveal his knowledge of the Constitution. (Verb is ambiguous;

0. . T e 2
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rds are provided.)

Table 1. Examples of Acceptably and Unacceptably Written Behavioral Objectives




1. Find the area of a triangle 1. The student willl solve a
problem of camputation of the
area of a triangle, given its
altitude and base as well as the

f.a@mpriate formala.
2. Solve equations containing | 2. The student will solve nine out of
two unknowns - ten equations containing wo

unknowns. The problems nust be .
solved in ten minutes.

3..Read new one-syllable words 3. The student will be able to read
correctly new one-syllable words
canposed eni::.rely of letter sounds
included in péevims reading
instruction, given such new words
in printed fomm.

. 4. Identify peninsulas ' 4. The student will be able to identify

. peninsulas, given a map containing

insulas and other land masses

' 28
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" Read Objective 1
3

Read Objective 2
¢ .
Campare Objectives
-
Place the higher-order cbjective in the initial
position in the sequence
=

o3 Read Next Objective

- Canpare objective with skill in initial position
in the sequence

srmine Relationship

If higher than If at same level

4 v
Place in initial position ~ Place in a parallel . Compare
in the sequence position in the sequence

‘Place

NV
Are there any ijectgfes
left to be placed?

F:.gu:e 2.2 Pragram for Determmining the Sequential Relatmnsh;ms of a se

Behavioral Dbg ectives

m the sa@.lam:é

If Higher th,an If lower than

27

Ny
with next objective &

3
Are there any
objectives
left in the
sequence?
« ¥ ]
No Yes ——=

{g

- Place at

end of

| sequence



adds two-digit numbers
with regrouping to the-
tens or hundreds place;
two to four addends

adds two—digit numbers
with regrouping to the
tens or hundreds place;
three or four addends _

335 two-digit numbers ' {EIdS the sis ot column
with regrouping to the - |addition using three to
" [tens or hundreds place; .| : , five single digit addends

two addends

)

bes column aadition
with no regrouping;
three to four digits;
three to five addends

T

Joes coluin aadition
ith no regrouping;
two addends with
three and four digit

: Eves addition problems

fram memory for sums

. Figure 3. An Instructional Hierarcy in Mathematics (adapted fram Ferguson, 1970)




Performance

Level of Performance

No weaknesses displayed

Page 29

Next Test IEVél

Test highest untested
skill in sequence

' Same difficulty on tasks;
Minimal mmber of correct

responses

Test skill midway between
this skill nd highest

skill in sequence

Narmastery

Same ca:rract answers;
Radimentary understarding
displayed

Test skill midway between
this skill and lowest
skill in sequence

Very few or no correct

Test lowest u’ntestei

- 'gkill in sequence

. Criteria for Data::ﬁmm'xg a Test Level

-~ 31
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- Student B 74 35 67

Page 30

PROBLEM SET 1

Student A 74 35 67 56

. 456 +92 +18 497
1210 127 715 - 1413

L

| +
LY~}
-~

56 +92 +18

11 19 715 117
Results c::fi Error Analysis: _
Student A -- adds and records total of ones place then adds and records
total of tens place
Student B — adds in reverse order; adds tens place, puts down flguré in
tens place and carries cnes to ones place, adds ones _zd puts |

.PROBLEM SET 2

Student C 27 18 24 R

¥
34

88

&

100
Student D 27 18 24

828 324 816

Results of Error Analysis:

Student C -- does not carry; multiplies ones placé, finds product, writes
down mumber of in ones Pésiticn of product, multiplies tens

place, writes down product 32
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L : )

Student D — multiplies and records product of ones place then multiplies

and records product of tens place

Table 4. Error Analysis in Mathematics

33
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=T

Has the cijectlve '
been mastered?

Are there objectives | Lt@rﬁ.ﬂ& effectivencss.
remaining in the of present program

N / \_

Yes - * Mo

! o

Begin Instruction ] | Go to new lgpdate ctudent f;l,g B

!
=on the next highest l sequence S J, '
pbjective | o

Figure 4. bbmtsm‘rgand Evaluation in the Instructidnal Program
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